The relationship of body fat distribution to serum cholesterol levels was evaluated in a sample of 3,040 Mexican Americans 18-74 years of age from the Hispanic Health and Nutrition Examination Survey (HHANES) conducted from 1982-1984. Fat distribution was determined by the ratio of trunk to extremity skinfold thicknesses, while the sum of skinfold thicknesses was used as an indicator of total body fat. Results of this study indicate that: 1) Mexican Americans are significantly fatter and have a higher trunwextremity skinfold ratio than U.S. standards; 2) despite their higher level of total body fat and truncal fat, Mexican Americans have lower serum cholesterol levels than U.S. standards; 3) Mexican American males at the same percentile level of fatness or trunk/ extremity skinfold ratio have significantly higher serum cholesterols than females, despite the fact that females have higher absolute values of fat and truncal fat than males; 4) among Mexican American males the association between truncal fat distribution and hypercholesteremia increases with level of fatness. In other words, in Mexican American males the association of truncal fat distribution with hypercholesteremia is accentuated by obesity. G
According to recent studies the subcutaneous fat of Mexican Americans in the Hispanic Health and Nutrition Examination Survey (HHANES 1982 (HHANES -1984 is greater than in U.S. Whites and Blacks (Kaplowitz et al., 1988; Ryan et al., 1990) . Indices of fat distribution also demonstrate a centralized upper body adiposity pattern among Mexican Americans (Kaplowitz et a]., 1989; Baumgartner et al., 1990; Haffner et al., 1986) . Several investigations have indicated that subjects with excessive fat deposition in the trunk area have a greater incidence of coronary heart disease, increased insulin resistance, hyperinsulinemia, diabetes, hypertension, and hypercholesteremia than individuals with high fat deposition on the extremities (Vague, 1956; Bjorntorp, 1984; Despres et al., 1985; Evans et al., 1984; Hartz et al., 1983; Kalkhoff et al., 1983; Kissebah et al., 1982; Krotkiewsh et al., 1983) . Similarly, individuals with truncal fat distribution tend to have a higher incidence of ischemic heart disease and related mortality than those with peripheral fat distribution (Kissebah et a] ., 1989; Larsson et al., 1984; Lapidus et al., 1984; Stokes et al., 1985; Ducimetiere et al., 1986; Donahue et al., 1987) . Studies of Mexican Americans indicate that they have a lower overall mortality rate from cardiovascular diseases than do non-Hispanic Whites . Since there is a relationship between serum cholesterol and risk of cardiovascular disease it is important to know the relationship of body fat distribution to cholesterol levels. Therefore, we have examined the relationship between body fat and fat distribution and serum cholesterol in Mexican Americans from HHANES.
METHODS
Sample The study is based upon the anthropometric and blood data derived from the (Frisancho, 1990) . At all ages Mexican Americans are significantly fatter than U S . Whites. California). The sample for the present study is composed of only those identified as Mexican American and excludes all other ethnic groups (i.e., Cubans, Puerto Ricans, American Indians, etc.) included in the HHANES data sets. Age, stature, weight, the triceps, subscapular, suprailiac, and medial calf skinfolds, and serum cholesterols were available for 3,040 Mexican Americans 18-74 years of age. The general characteristics of the data are summarized in Table 1 .
Measurements
Anthropometric data were collected following the same procedures as used in the second National Health and Nutrition Examination Survey (NHANES 11-National Center for Health Statistics, 1981) . Stature was measured to the nearest 0.1 mm. Weight, including weight of the clothing, was measured to the nearest 0.01 kg. The body mass index (weighthtature, kg/m2, BMI) was computed. Skinfold thicknesses at the triceps, subscapular, suprailiac, and medial calf sites were measured on the right side with a Lange caliper to the nearest 0.5 mm. The technical errors of measurement and reliability of the anthropometric data for Mexican Americans were similar t o those found in the NHANES I1 .
The medical evaluations included medical history, physical examination, anthropometry, dietary information (24-hour recall and food frequency), laboratory tests, electrocardiograms (ECGs), and radiographs. Blood samples were analyzed by the Clinical Chemistry Division, Center for Environmental Health, Centers for Disease Control. Analysis Fatness. The sum of skinfold thicknesses at given body sites were used as indicators of total body fat. Three indices were derived (Bouchard et al., 1980) (Frisancho, 1990) . Mexican Americans, especially females, have an increased truncal fat accumulation over U.S. Whites.
1. Subscapularltriceps ratio = subscapular skinfoldkriceps skinfold. 2. TrunWarm skinfold ratio = (subscapular + suprailiac skinfold)/(triceps skinfold). 3. TrunWextremity skinfold ratio = (subscapular + suprailiac skinfold)l(triceps + medial calf skinfold).
Normalization of data. All of the anthropometric dimensions and serum cholesterol concentrations were first transformed to log10 and then converted into age-and sexspecific standardized Z-scores (Z = mean value -individual's value/SD).
Percentile levels. Using as reference either the sum of skinfold indices or indices of fat distribution, the samples were classified into 10 age-and sex-specific percentile intervals.
Correlation analysis. Using as reference the three indices of fat distribution, the data were grouped into 10 age-and sex-specific percentile intervals (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) . Using previously normalized values for each percentile group, the rank order correlation coefficients (rho) between serum cho-39, 40-49,50-59,60-69,70-79,80-89,90- lesterol and indices of fat distribution were determined (Table 2) .
Mean values. Using as reference either the sum of skinfold indices or the indices of fat distribution, the data were grouped into 10 age-and sex-specific percentile intervals 60-69, 70-79, 80-89, 90-99) . For each percentile group, means and standard deviations of serum cholesterol were calculated (Tables 3, 4) . The statistical significance of differences in serum cholesterol was evaluated by analysis of variance using previously normalized values.
Polynomial regressions. To illustrate the relationship of serum cholesterol to either indices of fat distribution or sum of skinfolds, third degree polynomial regressions were calculated for the 10 age-and sex-specific percentile groups. Figures 1 and 2 at every age Mexican Americans are significantly fatter and have a higher subscapularltriceps skinfold ratio than U.S. standards (Frisancho, 1990) . However, as illustrated in Figure 3 , between 55 and 69 years of age in males and Figure 4 give the average rank order correlations between fat distribution and serum cholesterol levels in Mexican Americans. It is evident that in males, but not in females, the correlation between serum cholesterol and truncal fat distribution increases with percentile level of fatness.
RESULTS

As shown in
DISCUSSION
It is evident that in males, but not in females, the correlation between serum cholesterol and truncal fat distribution increases with percentile level of fatness. These findings suggest that in males a truncal fat distribution accentuates the association between fatness level and serum cholesterol and becomes more evident with increasing levels of obesity. Conversely, it appears that overall leanness protects against the risk of hypercholesteremia associated with truncal fat distribution. It has been estimated that with every increase of' 1 p,g/dL in serum cholesterol, the risk of cardiovascular disease increases by 1% (Grundy and Barnett, 1990) .
Applying this relationship to the present data, the risk of cardiovascular disease among obese males with truncal fat distribution would be increased by 2% compared with to those with peripheral fat accumulation. These findings confirm the numerous reports in the literature which indicate that the topography of adipose tissue is associated with metabolic complications which are considered risk factors for cardiovascular diseases such as insulin resistance, hyperinsulinemia, diabetes, hypertension, and hypercholesteremia Larsson et al., 1984; Lapidus et al., 1984; Stokes et al., 1985; Ducimetiere et al., 1986; Donahue et al., 1987; Despres et al., 1990; Fujioka et al., 1987; Ohlson et al., 1985; Peiris et al., 1989; Sparrow et al., 1986) .
The lower association between fatness and cholesterol may also be related to the fact that among Mexican Americans the health implications of adiposity do not have the same effect as in White populations. This fact is also compounded by cultural factors that view fatness as a positive rather than a negative trait. In fact, studies among Mexican Americans have demonstrated that the term fat &ordo) is used as an indication of good health, beauty, and success (Massara, 1989; Rittenbaugh, 1982) . For this reason, Mexican Americans use the term gordura mala (bad fatness) when describing fatness that is associated with health risk factors (Rittenbaugh, 1982) . It is, therefore, quite possible that among Mexican Amcricans the association of fatness and cholesterol becomes evident only when the amount of fat is really high and when cultural factors compound this association. However, in Mexican Americans this relationship becomes evident only among the obese males. It should also be noted that since the present analysis was based upon measurements of skinfold thicknesses, the extent to which the present findings reflect an actual effect of visceral fat on cholesterol cannot be determined. It is quite possible that while Mexican Americans may have higher trunk extremity ratios than U.S. standards, they may have lower levels of abdominal visceral fat. In fact, a recent study has demonstrated that measurements of external fatness, such as those derived from skinfolds or from circumferences, are poor indicators of internal body fat distribution (Van Der Kooy et a]., 1993). It is quite possible then that the truncal fat distribution derived from skinfolds used in the present study may not be a good indicator of internal fat among the Mexican Americans. To clarify this issue, more precise measurements of internal body fat such as those derived from computer topography (Despres et al., 1991) are needed. The low serum cholesterols of Mexican Americans compared to U.S. Whites may be related to differences in composition of dietary intakes, differences in amount of exposure time to foods high in cholesterol, or perhaps genetic differences in sensitivity to the effects of high cholesterol. The origin of this difference, however, is beyond the scope of the present analysis.
In summary, unlike Whites, in Mexican Americans the association between truncal fat distribution and serum cholesterol occurs only at high levels of obesity.
